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review has been noted by subsequent authors (2914). The etiology of lung 
cancer was discussed by Hueper in both articles (2623, 2933) and are detailed 
In Topics D and E. The subject of tobacco smoking was discussed as follows: 

"The causes classified in the second group are those of 
physical means. A trauma of the chest Is too rare a cause of a 
lung carcinoma to have any relation to the increasing frequency of 
these tumors. Also the suspicion mentioned by Kukuth that the 
Increasing use of X-rays for the treatment and diagnosis of thorax 
diseases might have some connection with the Increase of the lung 
carcinomas seems to be unjustified because the frequency of the 
lung carcinomas does not correspond to the Increase In the use of 
X-rays, and even Klkuth could not establish this connection In Ms 
material. Furthermore we may eliminate the inhalation of cigarette 
smoke as a causative factor for this Incrase, as stated by Fahr, 
who based his theory on the Increased habit of cigarette smoking 
and the predominance of the affection In the male sex. Cigarette 
smoke may have only a contributory influence If any at all. A 
theory of more Importance is supported by Hampeln. He believes 
that a certain relation exists between the increased production of 
smoke and dust in the big cities which are substances causing by 
continuous inhalation a chronic irritation of the bronchial and 
lung epithelim, and the Increasing frequency of the lung carcino¬ 
mas. This theory, like that concerning the Influenza epidemic, 
seems to be quite acceptable at first view, but the Investigations 
of other authors (Dynkin, Sachs, Berblinger) failed to substantiate 
this presumption. They were unable to state a higher frequency of 
carcinoma in pneumonoconi otic lungs than In other lungs. Schmorl 
denies also a causative connection between the well known lung 
carcinoma of the Schneeberg miners with a primary pneumonoconiosls. 

He Is rather convinced that these tumors are caused by the chemical 
effect of Inhaled gaseous substances and suspects that arsenic 
compounds have to be made responsible for the frequent development 
of carcinomas In the lungs of these miner." (p 85, ref. 2623) 

There are more samples of differing opinions on etiology of lung cancer 

appearing in the remainder of this subsection. However, Hueper was the only 

one who continued to support, during the next four decades, the theory that 

Industrial or occupational exposure is more Important than personal tobacco use 

In association with lung cancer. 


Source: https://www.industrydocuments.ucsf.edu/docs/hrglOOOO 


2062855139 



Pulmonary Carcinogenesis, March 30, 1989 


Page 88 


Animal experiments on tobacco tar . At the time that fossil fuel 
products and combustion emission were demonstrated to cause experimental cancer 
in the skin and lung (see Topic 0), similar tests using tobacco gave negative 
results. Leltch had successfully Induced coal tar skin cancer In mice (2221, 
2322, 2417). However, his tests of tobacco tar gave the following results: 

"We set an artificial pipe where the tobacco was smoked by 
suction from a water pump and collected that fluid products of 
combustion, such as are found In the stem of an ordinary pipe. 

These products consisted of a brown tarry material easily soluble 
in chloroform or ether, and a light-coloured watery fluid which 
darkened through time or by oxidation. The latter fraction, tested 
on mice for over a year, was without toxic properties and produced 
no pathological effects whatever. The chloroform-soluble fraction, 
with the solvent driven off, had, on the other hand, both toxic and 
pathogenic properties. A minute trace of It applied to the mucous 
membrane of the tongue or of the vagina, or even to the skin, of 
rats and mice brought about death by clonic convulsions, usually 
within a minute. This poisonous effect is probably due to 
nicotine. By diluting the tarry faction with acetone to 5 per 
cent, and afterwards gradually increasing the concentration we 
found that we could accustom the mice finally to the undiluted 
stuff. Again, we boiled the tobacco is water first of all in order 
to deprive it of nicotine and obtained a non-toxic product by 
smoking. We applied these fractions to two series of mice for many 
months. They produced epilation of the areas to which they were 
applied, and they induced chronic ulcerations, but in no single 
case did any neoplastic reaction result. We have thus no evidence 
In support of the contention that tobacco smoke contains a cancer- 
producing property, though we may not therefore conclusively reject 
the Idea that there is something connected with tobacco-smoking 
which may be operative on the oral mucous membrane of human beings. 

But what Is of more theoretical and practical Interest is the fact 
that here we had a substance with a very marked Irritative effect 
on the skin In that it produced chronic lesions and yet no tumour 
formation supervened. We might say that it Is not a specific 
Irritant of the tumour-producing class." (p 6, ref, 2322) 

The above three articles by Leltch were overlooked by Harris although they were 

mentioned In the 1964 Surgeon General Report and as secondary reference In a 

representative key article selected by Harris [cited in P1293. 
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Helwig, a pathologist at the University of Kansas, was aware of 
experimental coal tar cancer but it "seemed incredible that the literature is 
so barren of any experimental data regarding the use of tobacco or its 
extracts" (2720). He found only one instance "wherein the use of tobacco tar 
produced any typical epithelial proliferation. Wachter and Schmlncke. In 1911 
used the tar obtained from tobacco pipes mixed with oil and produced an 
atypical proliferation In rabbits ears." Since there were no subsequent 
studies on tobacco, Helwig proceeded as follows: 

"With these foregoing facts In mind, I began in 1925 on an 
experiment of this nature. In order to familiarize myself with the 
technic and early recognition of the changes that might result. It 
was thought best to duplicate some of the work done with soot. 

Typical 'chimney sweeps' warts, which progressed to malignancy, 
were produced in mice by painting the backs of their heads with 
soot extract, according to the method of Kennaway and Passey. A 
strain of albino mice of low spontaneous cancer Incidence was 
chosen, and It was possible to produce typical Infiltrating 
squamous cell epithelioma with this product. A small series of 
fifteen mice were chosen. At the end of three months from the 
beginning of the experiment, five of the fifteen mice had developed 
warts and four had died of Intercurrent Infections without trace of 
either warts or other evidence of tumor. In the following month 
eight of these eleven had died, leaving three with warts. One of 
these subsequently died, not going on to malignancy. The warts of 
the other two mice grew very rapidly during the ensuing month and 
at the end of this time both were very large, ulcerating, fungating 
masses. A biopsy from one showed a typical squamous cell 
epithelioma. After the biopsy this animal died and there were no 
metastases. The other animal lived for a month longer and died 
with an enormous ulcerating cauliflower mass covering the entire 
top of his head and shoulders, which tumor was typically malignant. 

I then duplicated the work of Hacker and Schmlncke, taking the 
tobacco tar from the bowls of briar pipes and mixing the etheral 
extract with olive oil. This product was Injected In the skin of 
rabbits' ears and atypical proliferation took place, but never an 
actual malignant transformation. On one of the rabbits, a biopsy 
was done after four months, and even here a large keratinized mass 
surrounded by epithelium was seen. Also, the proliferation In one 
rabbit was so marked as to break through the cartilage, but It was 
not progressive; nor were subsequent Injections ever capable of 
producing a limitless growth. 
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Mice were chosen because of the well known fact that they are 
particularly susceptible to irritation tar neoplasms. In contra¬ 
distinction to rats. Tar is used on rats with no success, but in 
mice some men have been able to produce an incidence of tumors 
approaching 100 per cent. Systematic painting of the backs of the 
heads of mice was begun with an ethereal extract of tobacco tar. 

This tar was extracted from briar pipes. A large series of mice 
were painted and it was found that the product was highly toxic. 

The nicotine was therefore extracted by shaking with diluted hydro¬ 
chloric acid. This product was found to be nontoxic. Fifty mice 
were painted three times a week over a period of almost one year. 

It was thought best to epilate the hair with barium sulphide and 
the painting was started. Ulceration of a rather marked degree was 
produced and at intervals sections were taken from these ulcers, 
but no atypical growth was ever encountered. In some cases In 
which the ulceration was too severe, the painting was reduced to 
once a week until the ulceration partially healed. 

At this time I communicated with Dr. Archibald Leltch, director 
of the Cancer Hospital Research Institute In London. He had been 
having striking results with various tars and oils. To my 
surprise, I learned that he had been trying a similar experiment to 
mine, producing his tar by artificial 'smoking.' This he 
accomplished by putting tobacco in a Buchner filter funner attached 
to flasks acting as condensers, which were In turn attached to a 
filter pump. He produced a chloroform-soluble tar which caused 
ulceration but no epithelial proliferation. He felt, however, that 
an effective product could be obtained with a higher temperature of 
combustion. The Idea was already in my mind, as I knew of Ms 
experiments with high temperature coal tar distillates. 

I made a large Iron combustion still and heated tobacco to a 
temperature of between 400 and 500 C. The resulting tarry product 
was extract with ether and chloroform and the two extracts were 
applied to a series of fifty mice. As In the former case, nothing 
but ulceration resulted. This product was not toxic after the 
nicotine had been extracted but was very Irritating. The 
ulceration was very extensive in some cases, and painting had to be 
suspended from time to time. This was carried on for about eight 
months. Most of the mice lost weight and died of pneumonia. In 
none of this series was any atypical epithelial growth encountered. 

When the painting was suspended, the ulcers healed promptly. No 
warts were produced." (p 151, ref. 2827) 

The addition of olive oil or glycerin was for the purpose of preparing a 

suitable vehicle for dermal application as well as to reduce early death from 

absorption of tar constituents. A similar solvent was used In coal tar testing 

described under Topic D below. Helwig's negative studies on tobacco tar was 
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overlooked by Harris in his SOA report. However, four articles used by Harris 
as representative key articles alluded to Helwlg's article as a secondary 
reference: P81 Flory, P24 Schreck, P264 Suguira and P291 Wynder. There was 
ample opportunity for Harris to notice Helwlg's study. 

Animal experiments on tobacco smoke exposure . Although tobacco smoke 
had already been analyzed for contents of nicotine (2323, 2723), the technique 
was not applied to the study of nicotine absorption. The effect of nicotine on 
ciliary movement was examined in excised trachea In organ bath (2830). An In 
vivo lung preparation was not yet available for testing of lung function. 

There was an animal guinea pig model for study of tumor-like formation caused 
by silica dust (2831). Histopathologic studies pf experimental fibrosis In 
guinea pig (2225) and jagzlekte or adenomatosis In sheep (2521) demons- trated 
that alveolar phagocytes could contribute to pulmonary carcinogenesis. There 
were animal studies indicating that diet Influenced the growth of non- 
pulmonary forms of cancer (2625, 2832). There were early results on Influence 
of hydrogen and salts on growth of transplanted rat carcinoma (2123, 2125) but 
It would take two decades before this technique would apply to pulmonary 
carcinogenesis. 
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D. Fossil Fuel Products and Combustion Emission 

Ouring the bicentennial commemoration of Perclval Pott's description of 
scrotal cancer, Kipling and Waldron reviewed the events leading to the Identi¬ 
fication of the cause (7511). Even after the passage of Chimney Seepers Act In 
1875 to protect employment of children in England, the debate continued as to 
the Identity of the causative agent. Pott himself did not speculate on the 
cause and it was generally assumed that the lodgement of soot In the rugae of 
the scrotum was the cause. In 1878, Lawson made the suggestion that the cancer 
was really caused by friction between the sweeper's overalls and his scrotum as 
he was sifting the soot to remove debris prior to its sale. Fifty years later 
this frictional theory was applied to mule-spinners cancer. Instead of mineral 
oil which the majority held to be the causative agent (2727, 2824). The soot 
debate was finally resolved by Passey who showed in 1922 that skin cancer in 
mice could be induced by an ethereal extract of soot (2220). The carcinogenic 
action of fossil fuel products and combustion emission was supported by human 
studies and animal experiments. The proof was essentially complete for skin 
tar cancer. The causation of lung cancer by fossil fuel products and 
combustion emission was gaining widespread acceptance because the Increasing 
Incidence In humans coincided with widespread use. Animal experiments 
supported the concept that Intratracheal administration of coal tar caused lung 
cancer. 

Occupational tar cancer . In 1925, Alice Hamilton, Professor of 
Industrial Medicine at Harvard Medical School wrote her monograph entitled 
Industrial Poisons in the United States (2501). At that time, she regarded 
the literature concerning skin lesions In workers with coal tar and petroleum 
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oils, paraffin, vaseline, soot, pitch, shale and related products, was con¬ 
fusing. The reason was as follows: "It Is Impossible in most Instances to 
gain any clear Idea as to just what substances are playing a part In the acne, 
furunculosis, warty growths, keratomalosis, plaques or cancers, which are 
described, and often it Is hard to make out whether the skin lesions are due to 
chemical Irritants or caused simply by mechanical agents such as the plugging 
of sebaceous ducts or injury by sharp bits of metals with subsequent infec¬ 
tion." In 1926, W.H. Woglom of the Institute of Cancer Research, Columbia 
University, published his comprehensive review entitled Experimental Tar 
Cancer (2601). The section on Industrial tar cancer reflected the varied 
forms of exposure: 

"It has been known for years that those whose occupations expose 
them to soot, tar, or similar substances are prone to develop 
cancer, and the conditions governing its occurrence have been to 
some extent delimited. 

Thus Ross has observed that blast furnace tar, though similar to 
coal tar, except that it is distilled at a lower temperature and 
from a different variety of coal, appears to be harmless, whereas 
gasworks tar causes warts and epitheliomas on the hands and arms of 
the workmen who handle it; the Incidence Is not so high, however, 
as in the case of pitch or soot. 

Differences in the nature of the coal employed have been 
advanced by Courmont to explain the frequency of industrial tar 
cancer in England and its extreme rarity In France. 

A prolonged exposure to the Irritant Is usually necessary, ten 
years having been the shortest period In the experience of 
O'Donovan, and forty years the longest. In one case the patient had 
not handled tar for twenty-eight years, and this writer cites an 
Instance recorded by Bland Sutton In which soot cancer developed 
thirty-five years after the cessation of exposure. 

Age did not seem to be a factor of Importance In O'Oonovan's 
series. In sixteen patients, the carcinoma developed at: 33 to 39 
years In 4 cases, 40 to 49 years In 1 case, SO to 59 years In 3 
cases, 60 to 69 years In 6 cases and 70 to 75 years In 2 cases. 

O'Oonovan regards the prognosis as good, and says that papillary 
tumors that have microscopically been proved carcinomatous have 
generally fallen away after from two to four months' duration. 

In this his experience has been similar to that of others. 

Schamberg, for example, regards as a notable feature of tar cancers 
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their frequent tendency to undergo spontaneous Involution, and says 
that- older writers have remarked on the benign nature of chimney 
sweeps' cancer of the scrotum. 

The almost universal restriction of this epithelioma to the 
scrotum has been the subject of considerable discussion since the 
disease first came under observation, but Kennaway has recently 
called attention to the fact that other occupational cancers also 
have a definite site of election. Two thirds of all pitch cancers 
occur about the face or scrotum, other parts, equally exposed to 
pitch dust, seldom being affected. In mule-spinners' cancer the 
scrotum Is again the site of election, although the penis and a wide 
area of skin on the abdomen and thighs are equally exposed to the 
oil which causes this neoplasm. In aniline dye workers, cancer 
develops almost always In the bladder, and on Its posterior wall; 
while in persons taking arsenic. It is the fingers, legs and trunk 
that are most often attacked. In coal miners and agricultural 
laborers, carcinoma Involves the penis much more frequently than the 
scrotum; therefore, says Kennaway, neither the rugosity of the 
scrotum nor the abundance of Its sebaceous glands can explain the 
frequency of cancer at this site In certain trades. 

The carcinogenic activity of mineral oils, which cannot be gone 
Into here, has been discussed by Scott and Leltch. 

Although years of exposure are usually necessary for the 
development of occupational cancer, as has already been Indicated, 
this seems not Invariably to be true. Thus Huguenln has described 
the case of a workman, aged 35, who had often suffered burns from 
droplets of crude oil, which had left no trace. In the present 
instance, however, the hot oil fell on the recent scar of a deep 
burn received from a charcoal stove, where It caused a burn of the 
first degree. One week later a small papule appeared, which grew so 
rapidly that it had attained the size of a walnut within twenty-five 
days. Histologic examination of the extirpated nodule showed that 
it was a keratinizing carcinoma. 

Bang has reported a somewhat similar Instance In a gas retort 
workman. In whom cancer of the nostril developed sixteen days after 
a tar burn. 

The preceding cases have been cited, not with the idea of giving 
even a fragmentary review of Industrial cancer, but because there Is 
not one but what can be matched In the laboratory. The similarity 
between Industrial tar cancer In man and the experimental tar cancer 
of certain laboratory animals Is close Indeed." (p 534. 535, ref. 

2601) 

Four years after the appearance of the above review articles, Woglom and Herley 
reported results of skin painting In mice (2934). The tar used was a 
horizontal retort gas-works product distilled at about 1000 C. Even with the 
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dilution to 25 percent tar in glycerin, malignant tumors were produced with 
lower mortality compared to undiluted tar. The varied sources of coal tar 
continued to be tested during the 1930's to seek confirmation on causation of 
tar cancer seen In human skin. 

Cancer producing tars . Kennaway (2415) reviewed the seven forms of tar 
reported to produce skin cancer In workers: (a) wood tar; (b) lignite tar; 

(c) water-gas tar; (d) gas-works tar from horizontal retorts and vertical 
retorts; (e) blast-furnace tar; (f) coke oven tar; and (g) producer-gas tar. 
The last four, (d) to (g), were derived from coal and referred to as "coal 
tar." 


"It is known that of these, lignite tar, gas-works tar, 
producer-gas tar, and probably coke-oven tar, produce cancer, while 
blast-furnace tar does not. We seem to have no Information 
regarding wood tar and water-gas tar in this respect; hence these 
tars need not be further described. What then Is the factor which 
decides whether a tar shall or shall not have cancer-producing 
properties? In order to consider this question one must first state 
very briefly the mode of Information and the chemical characters of 
the different tars. The chemical composition of a tar depends 
largely upon the temperature to which It has been exposed; hence 
all the avilable data as to the temperatures reached in the various 
commerical methods of carbonization are of Interest In this matter." 

(p 233, ref. 2415) 

Kennaway proceeded to review the Industrial evidence provided by official 
returns from governmental agencies and clinical records of cancer occurring In 
workmen exposed to various materials. He also listed the known constituents of 
various forms of tar and reviewed the experimental evidence obtained by 
application of the materials to mice. However, he could not ascertain the 
identity of cancer producing constituents occurring In most or all tar 
products. 
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Experimental skin cancer . Harris used two publications In the 1920's 
to justify his statement that "experimental scientists had found that 
carcinogenic tars could be formed from the pyrogenous products of a variety of 
organic materials" [SQA 4.5]. One article was by Kennaway and Sampson on the 
pyrogenous products of cholesterol (2825), and the other by Kennaway on yeast, 
human skin, Durnham coal, California petroleum, Isoprene, and acetylene (2517). 
The last mentioned hydrocarbon, heated from 700 to 900 C, was the simplest 
organic compound from which a carcinogenic material has so far been obtained 
during the 1920's. Three other articles by Kennaway were not mentioned by 
Harris: the first one on isoprene (2416), the second one was a review article 
stated above(2415), and the third one was on anatomical distribution of 
occupational cancer (2524). Harris also omitted the following German 
publications on experimental skin tar cancer: Hueper (2311), Roesch (2326), 
Steinbriick (2949), Schabad (2948), and Oppenheim (2420). Twort and Fulton 
(2917) from the University of Manchester reported the results of skin painting 
studies in mice. They concluded that In fractional distillation of 
carcinogenic oils (American petroleum oils, shale oil), the active agent was 
concentrated In the higher, and sometimes In the lower, fraction. Carcinogenic 
activity of an oil was much reduced or completely removed by extraction with 
sulfuric acid, by oxidation and by reduction. Final Identification of active 
constituents would await studies conducted during the 1930's. 

As stated above, Passey (2220) was accredited by medical historians to 
have obtained first unequivocal evidence that scrotal soot cancer Is due to 
chemical Irritation Instead of mechanical Irritation. His publication was 
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entitled Experimental Soot Cancer and appeared In abbreviated form (2220) as 
well as in detailed form (2518, 2519). Harris cited the former [SQA 184] but 
not the latter In support of the following: "Similarly, Passey's 1922 
experimental finding of the carcinogenicity of soot extracts confirmed the 
frequent clinical observation of cancer In soot-exposed workers" [SOA 4.4]. 
There are details that may prove pertinent to a future questioning of Harris. 

Experimental lung cancer . This subject was not discussed by Harris 
even though there was positive Information that coal tar caused lung cancer In 
experimental animals. Murphy and Sturm reported lung tumors In mice following 
cutaneous application of coal tar (2520). Kimura used "intrabronchlal 
Insufflation", i.e., "forcing a small amount of crude coal-tar Into the 
bronchus through the tracheotomy wound of animals previously anesthetized 
completely." He reported "a small adenomatous area In the rabbit lung and a 
multiple adenocarcinoma in one of the three guinea pigs" (2321). Smith (2826) 
exposed mice to coal pitch distilled at 346 C which corresponded as nearly as 
possible to that used by Murphy and Sturm. The coal pitch was heated on an 
iron tray over a Bunsen burner inside a chamber. The exposure lasted for six 
hours a day, five days a week during the first three months, and after that, 
for three times a week. None of the 20 animals developed a tumor of the lung 
after exposure ranging from 36 to 141 days. This negative study is less 
convincing than the positive studies. 

Environmental dust and smoke . Hueper summarized the German literature 
relating to causative factors of chemical nature (2623, 2933): 

"We can eliminate from the list of the possible or suspected 
chemical factors which may be responsible for the increasing 
frequency, all those which have no generalized distribution and to 
which we are exposed to a certain degree for a period longer than 
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the last twenty years. This consideration excludes the theory of 
Kraus proposing a relation of the gas poisonings during the war with 
lung carcinomas. By far the majority of the cases were never expos¬ 
ed to this injury. Furthermore, we can neglect the inhalation of 
acids and alkalis as unimportant In this question. A theory which 
fulfills the above mentioned conditions was expressed by Stahelln. 
According to him the main factor responsible for the Increase of the 
lung carcinomas in the last fifteen to twenty years Is not the 
Inhalation of smoke dust but the inhalation of dust containing 
chemical substances which possess a specific carcinoma-producing 
quality. He believes that the small tar and oil particles In the 
dust of tarred or oiled roads and the oxidation products of gasoline 
and benzol, daily inhaled in large amounts, are the causative 
factors for the increase. 

His theory is based on the following viewpoints: (1) the 
tarring of the roads and the more general use of gasoline for 
automobiles date back about twenty years and have increased rapidly 
since that time; (2) tar products are recognized as carcinoma- 
producing substances in case of chronic application; and (3) 
carcinoma of the lung in rabbits and guinea-pigs was produced 
successfully by injection of tar products in the trachea (Klmura). 

This theory is based on several very important facts and is worth 
examining on a broad experimental and statistical basis. Its 
practical importance is obvious in a country which has the most 
tarred roads and automobiles in the world." (p 86, ref. 2623) 

The theory proposed by Staehelm that tarring roads and streets is the cause of 

increased incidence of lung cancer has been cited in an editorial of the 

Journal of the American Medical Association (2624). Since the increase of lung 

carcinoma incidence during the previous decade was proportionately less than in 

carcinoma of other parts of the body, the applicability of the theory based on 

6erman statistics was questioned for the United States (2619). 

In a later review by Hueper, he discussed the role of pollutants In the 

ambient air: 

"Oust and smoke, especially coal and quartz dust, which produce 
an anthrakosls and challkosis of the lung with resulting chronic 
Interstitial pneumonia and a chronic bronchitis with secondary 
regenerative metaplastic changes and proliferations of the bronchial 
mucosa and alveolar epithelium are considered by many as etlologlc- 
ally important factors and are regarded by them as those causative 
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agents which are responsible for the recent marked Increase In 
frequency of these tumors because the production of smoke and dust 
has grown considerably in the big cities during the last two decades 
(Rostoskl, Saupe and Schmorl, Hampeln, Schmidt, Ewing, Brandt, 

Ferenszy and Matolszy, etc.). The higher frequency of lung carcino¬ 
mas In horses and dogs which are exposed to the Inhalation of dust 
and smoke against that of cattle seems to support this conception. 
Probst, however, as well as Berblinger, Oynkin, Sachs and others 
could not state a higher frequency of lung carcinoma In persons 
which are especially exposed to the Inhalation of these substances. 

Tobacco smoke Is also mentioned among the agents responsible for 
the production and the increased frequency of these tumors 
(Seyfarth, Fahr, Heilmann). The frequent occurrence of lung 
carcinomas among waiters, cigarette workers and members of similar 
professions and the predominance of these tumors in men who more 
often indulge in excessive smoking of cigarettes are emphasized by 
these authors in support of their contention." (p 297, ref. 2933) 

The above quotations from Hueper's publications during the 1920's should be 

recalled presently because earlier German publications are cited. Most 

arguments if favor of fossil fuel products and combustion emission were 

continually repeated during the next four decades. 

Simpson, a pathologist at the London Hospital, commented that clinically 

there was as yet no direct correlation of tar with carcinoma of the lung: 

".... It is true that there has been an enormous increase In the 
practice of tarring of the roads, but there Is not sufficient 
evidence to justify correlating the fact with the Increased Inciden¬ 
ce of carcinoma of the lung. The fact that carcinoma of the lung Is 
very rare in places like Hong Kong and Singapore, where the roads 
are not tarred. Is possibly suggestive. The obtaining of statistics 
to Investigate any co-relationship between the extent of tarring of 
the roads and the Incidence of carcinoma of t;«e lung In different 
districts and different countries offer many difficulties; but when 
one considers the widespread practice of tarring (half a million 
tons of tar are used annually In this country), the known poten¬ 
tialities of tar as an Irritant factor, and the undue proportion of 
males and outdoor workers. It is obvious that here lies an urgent 
problem that demands scientific solution. 

As regards the less specific Irritants met with In the streets, 
and the various combustion products of motor engines, there Is no 
available scientific evidence." (p 438, 439, ref. 2927) 
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I have not found the lung cancer statistics for Hong Kong and Singapore. 
However, the report of Si son and Monserrat on rarity of lung cancer in the 
Philippines may be substituted: "since the establishment of the City Morgue In 
Manila and up to October 1925 (about 18 years), only one case of primary 
carcinoma was observed among 11,599 autopsies performed ... the 2 cases that 
came to our observation were admitted In the Philippine General Hospital within 
a period of a little more than two months, and yet during the 18 years only one 
case was autopsied in the City Morgue, ... and for 15 years since the 
Philippine General Hospital was established, not a single case of primary 
malignant growth was reported except our two' 1 (2718). The rarity of lung 
cancer may conform to the theory of Staheilln because road asphalting was rare 
in the Philippines during the 1920's. 

Occupational history of a significant number of lung cancer case reports 
support the theory that fossil fuel products and combustion emission are 
etiologic factors. Duguid (2721) examined the occupational history of 143 
males with lung cancer: 

"The largest number In any single occupation was found amongst 
labourers and of these there were 28. Next to them In order of 
numbers came carters, of whom there were 9, and next to these 
clerks, numbering 8. In none of the other occupations were more 
than four cases recorded. It was found on counting the labourers In 
the former class that the outdoor and Indoor workers were nearly 
equal proportion, there being 72 outdoor to 71 Indoor workers. The 
number of men who had described themselves as carters was striking, 
and this drew attention to those who registered occupations closely 
related In one way or another to that of carter. These total 25, 
and are set forth in the following list: Carters, 9; van drivers, 

2; lorrymen 1; coachman, 1; teamster, 1; horse keepers, 2; 
ostler, 1; stablemen, 1; tram drivers, 3; engine drivers, 2; 
tram guard, 1; railway guard, 1. 

These represented all the transport workers in the list, so that 
such workers constituted 16.55 per cent, of all male cases. 

With the help of a census list kindly supplied by Or. H.S. 

McClure, of the Department of Public Health, Manchester, It was 
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possible to compare the percentage of tumour cases In the various 
occupations with the percentage of the whole male population of 
Manchester in these occupations. It was found impossible to 
estimate with accuracy the numbers of outdoor and indoor workers, 
because many of the occupations specified In the list Included 
workers In both these classes, but it could be judged that at least 
75 per cent, of the adult population were Indoor workers. Since, 
therefore. In the cases of tumour there were actually more outdoor 
workers than Indoor ones. It may be concluded that the Incidence Is 
higher in the former class In a proportion of three to one. In the 
census list it was found that the transport workers constituted 
12.34 per cent, of the total male population, whereas In the case 
list these workers, as stated above, constituted 16.55 per cent, of 
the male cases. In none of the other occupations were the numbers 
of cases large enough to allow of useful comparisons being made." (p 
112, ref. 2721) 

The above publication by Duguld (2721) was the subject of Tylecote's letter to 

Lancet (2719). Harris used the latter (SQA 189, DTH 85, P271) without mention 

of Duguid's publication that support occupational cause of lung cancer. 
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E. Hostal Susceptibility Factors 

The 1920's was the period when eugenlclsts were most active In soliciting 
the cooperation of geneticists. Clarence Cook Little was then the President of 
the University of Michigan, and moved to Maine to organize the Jackson Memorial 
Laboratories. Harris cited one page of a book by D. J. Kevles entitled In the 
Name of Eugenics , when he was questioned If he knew of Little [ERR 24]. In 
Kevles' book (8501), Little Is characterized as a leader of "eugenic 
priesthood" and used other phrases for Eysenck and Fisher who will later play 
important roles In the constitutional hypothesis of lung cancer (see Part V). 
That Harris Is familiar with Kevles' book Is relevant as to whether Harris was 
aware of racial prejudices that influenced scientific opinion during the 1920s. 
To pure eugenlclsts, racial superiority meant resistance to diseases, and 
racial Inferiority meant susceptibility to diseases. Genetlcists did not 
believe that environmental factors would cause cancer. Statisticians, who were 
also mathematicians, Included eugenlclsts and geneticists. Each scientist had 
his own racial and social background that would Influence their concepts on 
hostal susceptibility to environmental factors causing lung cancer. 

Heredity . Clarence Cook Little was not the only geneticist Interested 
In comparing lung cancer Incidence of Jews and Gentiles [see ERR 24]. Several 
clinicians routinely questioned patients for racial background as to whether 
they were Jewish, Russian, Polish, Mexican, or otherwise (2827, 2312, 1811, 
2812, 2215, 2513). A case report of lung cancer patient with mental illness 
(2011) raised the question of eugenics of mental disease which was debated 
during the 1920s. Ellda Evans, a student of Dr. C. G. Jung (Founder of Zurich 
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School of Analytical and Synthetic Psychology), wrote a book entitled A 
Psychological Study of Cancer (2602). Evans noted the similarities In 
histories of cancer patients, forming a separate set of "phychologlcal 
eccentricity." She analyzed over a dozen case histories, all of them with 
cancer not involving the lung. In an addendum to her book, Evans quoted a 
press release from the London Bureau of the New York Herald Tribune, July 1, 
1926: 


"A pessimistic view Is taken of the campaign against cancer 
among the research workers of this country as the British experts 
prepare to attend the world conference called by the American 
Society for the Control of Cancer at Lake Mohonk in September. The 
feeling In this country is that the cancer experts of the world are 
more successful exploding one another's theories than they are In 
finding the causes of, to say nothing of the cure for, cancer. 

'We are no further forward,' was the frank admission made 4oday 
by Sir John Bland Sutton, distinguished surgeon and one of the 
leading cancer authorities In Great Britain. A year ago, Gye and 
Barnard thrilled the world with the report that they had discovered 
the germ that produced cancer and tumor, but, as time has gone by 
and nobody has succeeded in confirming Gye's brill ant theory, a 
feeling of discouragement has again surged over the promotors of the 
cancer research campaign In England. 

'Three years ago the British Empire cancer campaign committee 
launched a appeal to the British public for $5,000,000. According 
to a member of this committee, only about $600,000 has actually been 
raised. He stated that about $750,000 had been spent In 6reat 
Britain since 1923 fighting cancer, but he had to confess that the 
results so far have been of a negative character. 

'This Is confirmed by Sir John Bland Sutton, who, on being asked 
If there Is any prospect of an early solution of the cancer problem, 
replied: No. There Is an enormous amount of research going on, 
but, frankly, we are just where we were.' 

Those who have read the preceding pages will see that these 
reports bear out my contention that the growth of the embryo and the 
malignant growth are In the beginning the same, both being an 
Impulse of growth. One growth comes from an orderly, conscious, 
creative Impulse of union, the other comes from an Impulse to In¬ 
crease In the unconscious without union. Each Is a reaction from 
the same elemental law of growth, one an Increase from natural law, 
the other an increase from a thwarted law of nature, whose working 
is far less easily discernible In animals of lower scale. It Is 
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highly regrettable that such research as is undertaken by the cancer 
research organizations Is confined to animals. The higher the form 
of life, the greater seems to necessity of protecting the 
accomplishment of Its broadened reproductive aim. 11 (p 224-226, ref. 
2602) 

The above quotation Is understandable after Evans' short book Is read. During 
the 1920's, there was considerable Interest in finding the cause of cancer and 
Evans was one of the proponents of what will be later known as the 
"constitutional hypothesis." The psychological components responsible for 
susceptibility to cancer were regarded as hereditary. 

Clara J. Lynch of the Rockefeller Institute for Medical Research, 
conducted animal experiments from the standpoint of heredity as susceptibility 
to development of tumors of each tissue or of each organ, as If separately. 
After presenting laboratory evidence that mammary gland tumors In mice was a 
dominant Inherited character, she proceeded to test heredity of susceptibility 
to lung tumors in mice (2626, 2729). Her conclusions were as follows: 

"1. The occurrence of tumors in the lung in mice is dependent 
to a certain extent upon the age of the Individual. No tumors were 
found in the lungs of mice less than 8 months old. They occurred 
with greatest frequency In mice of about 24 months or older. Mice 
may live to be more than 3 years old without developing growths In 
the lung. These facts show that the development of tumors of the 
lung, if hereditary. Is a variable character. An Individual, 
genetically a tumor mouse, may live to a great age without showing a 
tumor If the requisite environmental stimulus (external or Internal) 
is lacking. Sex if effective at all has a comparatively slight 
Influence upon the incidence of lung tumors. 

2. Two strains of mice were studied which exhibit differences 
In their rates of Incidence of lung tumors that are large enough to 
be significant. The conflict In the evidence from different labor¬ 
atories as to whether or not tumors of the lung are the commonest 
type found In mice. Is probably to be explained on the basis of a 
differing hereditary tendency to such growths in differing stocks. 

3. Data from a number of sources indicate that offspring from 
parents free from lung tumors have a lower rate of lung tumor 
Incidence than offspring from parents one of which had a tumor. If 
both parents had lung tumors the rate of tumor Incidence among their 
offspring is Increased still further. 
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4, In crosses between mice from strains which have high and low 
rates of incidence of lung tumor, tumors appeared in about half of 
the Individuals of the first generation and In about one-quarter of 
the second generation. If the character responsible for the 
development of the growths is recessive It should not be found In 
the first filial generation unless both parents are carrying it. 

There Is no proof that the female parents did not carry it but since 
they were taken from a strain In which the Incidence of the growths 
was but 6.7 per cent the chances seem good that they were free from 
It. This suggests that the character determining the Incidence of 
pulmonary tumors may be a dominant one. 

A dominant character is not expected to appear among the 
offspring from parents neither of which has shown the character. 

The numerous Instances which have been tabulated in this paper of 
mice with lung tumors among the offspring of parents free from lung 
tumors, must be explained on the assumption that tumor susceptibil¬ 
ity is not only dominant but variable and that some of the parents 
which did not actually develop tumors were genetically tumor mice 
and had the capacity for developing tumors although it was not 
brought out. As we have already concluded on the basis of the rela¬ 
tionship between age and tumor incidence that susceptitbility to the 
development of lung tumors is a variable character our explanation 
of the occurrence of tumor mice derived from tumor-free parents is 
justifiable. 

The existence of strains of mice with rates of Incidence of lung 
tumors that differ as widely as do the two that we have studied, the 
relatively high incidence of pulmonary growths among mice of tumor 
parentage as compared with mice from non-tumor parents, and the fact 
that females from a strain in which pulmonary tumors are rare when 
crossed with individuals from a strain in which they are frequent 
give a fairly high rate of Incidence of the growths among the first 
and second filial generations, - all these facts Indicate that 
suceptibility to the development of tumors in the lung Is an 
Inherited character." (p 353-355,ref. 2626) 

During the next three decades, additional studies were conducted on mice 

strains susceptible to lung cancer. The phenomenon that strains susceptible to 

breast or lung cancer may be more than a laboratory curiosity. During the late 

1980's, the genetic feature for lung and breast cancer is reported to be 

contained in a single chromosome (see page 23). 

Diet and Nutrition . Frederick T. Marwood wrote a monograph on the 

subject of salt and food preservatives and the cause of cancer (2701). The 
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dietary theory was the basis for questionnarles on food Intake of cancer 
patients conducted by Hoffman in San Francisco and Philadelphia (3701), and by 
Lombard and Doering In Massachusetts (2730, 2833, 2839, 2951). Thirty years 
later, the use of nitrites to preserve meat was criticized because of formation 
of nitrosamines that are suspected carcinogens (see Part V). 

Hoffman discussed the Important dietary theories proposed during the 
1920's for causation of all forms of cancer. On the occasion of Ms address on 
Cancer and Overnutrition, he presented data from his San Francisco cancer 
survey, with particular reference to gastrointestinal cancer. His conclusions 
cautioned his audience about interpolating to other forms on cancer. 

"First. Cancer is unquestionably on the increase in all 
civilized countries, but tending towards a maximum death rate, which 
is likely to become stationary, unless far-reaching reforms are 
introduced into the mode of living of modern people, which is 
largely at variance with the natural requirements of the human body. 

Second. The incidence of cancer by organs and parts varies so 
widely for different localities which may have approximately the 
same general rate of frequency that it is of the first importance 
that cancer studies should specialize in particular organs and parts 
rather than in the general frequency of the disease without differ¬ 
entiation. Causative factors or conditioning circumstances must 
unquestionably exist which will locally account for these variations 
and which if ascertained will aid measurably in the gradual solution 
of the cancer problem. 

Third. Cancer is unquestionably very rare in native races not 
in contact with the customs and habits of civilized populations. 

The reference here is to carcinomas and not to sarcomas, which are 
more frequently met with In primitive types of people. The reasons 
for the profound difference In the cancer liability of primitive and 
civilized races are in my judgment largely dietary and the resulting 
effects on the human constitution. Native races live under more 
natural conditions, eat more natural food, are more free from the 
nervous tension of modern civilized life and therefore largely 
exempt from the irritating effects of the multitude of conditions 
which constitute the background of the cancer problem. 

Fourth. No conclusive evidence has been produced to the effect 
that cancer Is hereditary in the accepted sense of the term. Hy own 
investigations into the family history of more than 3,000 cancer 
patients show a lesser degree of incidence than would be expected on 
the theory of pure chance occurrence, (p 67, 68, ref. 3701) 
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During the next four decades. It became apparent that dietary theory could also 
be applied to lung cancer. The reason Is not because of discrediting any of 
the four reasons listed above, but because of the availability of comparative 
studies on migrants. 

Ewing, In the third revision of his treatise on Neoplastic Diseases 
(2801), discussed the results of Suglura and Benedict, who attempted to utilize 
their dietary treatment in human beings suffering from malignant disease with 
negative results. These authors: 

" ... investigated the influence of natural foods very rich In 
protein (meat) or very poor in protein (rice), and a diet entirely 
devoid of protein but containing a large amount of carbohydrate and 
fat (artificial diet) upon which the susceptibility of animals to 
cancer implantation. Their results Indicate that the susceptibility 
to tumor inoculation and the growth of such transplants In rats and 
mice fed with a diet containing meat, milk, or vegetable protein 
were not altered from the normal. On the other hand. Ingestion of a 
protein-free diet caused marked diminution of tumor growth, but this 
ration had no specific influence upon tumor susceptibility. 

Cholesterol administered subcutaneously In doses of 40 mgm. at 
intervals of 2 or 3 days was found by Robertson and Burnett to 
decidedly accelerate the growth of carcinoma in rats. These results 
were confirmed by Sweet, Carson, White, and Saxon. Tethelin, the 
active principle of the anterior lobe of the pituitary gland, was 
found to have a similar effect, and since both these substances 
contain a hydroxy-benzol group, Robertson and Burnett concluded that 
the accelerating influence resided in the hydroxy-benzol radical. 

An increased cholesterol content of the blood has been found In 
certain cases of cancer by Luden (p 72-74, ref. 2801) 

The Influence of high cholesterol levels on cancer incidence Is discussed in 

detail under the literature review for the 1960s. 

Acute pulmonary irritation . During the 1920's, it was generally 

assumed that inhalation of Irritating vapors caused cellular responses 

consisting of metapasla, regeneration and malignant disease. Fried conducted 

histopathologic studies on animal lungs to support his contention that 
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metaplasia d.id not originate from alveolar cells but instead from bronchial 
epithelium (2935). A series of monographs on lung cancer were written by Fried 
during the next three decades. Unlike Ewing, who wrote on all forms of 
neoplasms. Fried, a surgeon from Peter Bent Brigham Hospital, specialized on 
lung cancer. He was a contemporary of Everts Graham, and the surgical skills 
of the latter were widely publicized, that were both unsuccessful (2211) and 
successful (see Part Three). 

Most lung cancer specialists accepted the proposition that Irritation of 
bronchial mucous membrane preceded the formation of cancer (2936). Several 
lung cancer cases have been reported in workers exposed to chemicals (2214, 
2826, 2828, 2919). However, most Instances were acute poisoning following 
exposure to: chemicals such as benzene (2222, 2829); automobile exhaust gas 
and fumes (2223, 2224, 2826, 2937); and gases and vapors Inside steel mills 
(2938). 

Playfair and Wakeley, in their discussion of etiology of lung cancer, did 
not favor "chronic inflammatory changes in the bronchial mucosa" as providing 
the antecedent factor (2317). It would be of Interest to know whether any case 
of chronic bronchitis arising after "gassing" ever developed to primary 
pulmonary neoplasm. I have been unable to discover any case reports of such an 
event. The Importance of mustard gas exposure was finally answered forty years 
later and Is discussed below under Influenzal. 

Previous chest trauma . Although trauma was for a long time considered 
a potent factor in the etiology of malignant disease, the case reports relating 
to lung cancer were rare. Aufrect's report consisted of cases preceded with a 
fall from a ladder, a falling beam, a blow from a piece of iron, and a bike 
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have been noted as antecedents of the malignant disease (see Funk, ref. 2016). 
Tovell reported a teamster who was apparently well until he was struck In the 
right chest by the tongue of his wagon, developed chest pain and subsequently 
primary lung cancer (2516). Wood and Walter reported a patient whose great 
uncle died of cancer of the jaw, and 22 years prior to diagnosis of lung 
cancer, a "horse fell on him, crushing the left side of the chest,” the same 
side that the lesion later appeared (2116). It was assumed that trauma caused 
acute inflammation and subsequent fibrosis, both antecedents of pulmonary 
carcinogenesis. Trauma, per se, did not directly lead to tissue alteration 
with malignant qualities, but it was only through successive Inflammatory 
changes which resulted in cancer (2722). 

Chronic dust diseases of the lungs . During the 1920's, the following 
chronic lung diseases were already known to cause fibrosis and occasionally 
lung cancer: pneumoconiosis (2523, 2834), silicosis (2122, 2418, 2836, 2939, 
2940), asbestosis (2419, 2724, 2725, 2726, 2835, 2941), and abrasive dust 
fibrosis (2942, 2943). Some patients with pneumoconiosis also had 
tuberculosis so that the relative role of dust fibrosis compared to tuberculous 
process in carcinogenesis continued to be debated (2226, 2324, 2522). Fibrosis 
alone, without chronic lung dust disease or tuberculosis, but with lung cancer, 
has been reported to occur (2113). 

The lung cancer seen In miners from Schneeberg district of Saxony, 
6ermany, and from Jachymow, Czechoslovakia, were being debated during the 
1920's as to whether dust alone or metallic elements such as arsenic, cobalt, 
or radium, was the carcinogen. The question was resolved during the 1930's. 
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Pulmonary tuberculosis . During the 1920's, tuberculosis was a 
significant etlologic factor of lung cancer. This was favored by Ewing (2801) 
and reiterated by other clinicians (2112, 2212, 2213, 2411, 2514, 2515, 2612, 
2613, 2614). The occurrence of pulmonary abscess either tuberculous or 
non-tuberculous In nature was regarded as a disease process that contributed to 
“chronic irritation" or "chronic inflammation" and ultimately lung cancer 
(2325, 2837, 2953). The statistical studies of Pearl indicated that "only 
rarely does an active and considerable tuberculosis coeslst with a malignant 
neoplasm in the same individual" (2838, 2922). Carlson and Bell explored the 
suggestion that the two diseases were antagonistic since both rarely co-existed 
in the same individual (2944). They concluded the following: 

Active tuberculosis is much less frequent in cancerous than in 
non-cancerous subjects; and cancer is much less common In those 
with active tuberculosis than in those with no tuberculosis or with 
healed tuberculosis. 

But active tuberculosis is even less frequently associated with 
heart disease than with cancer; and cancer shows less association 
with heart disease than with active tuberculosis. 

These results do not mean that active tuberculosis inhibits the 
development of both cancer and heart disease. They are due to the 
fact that the majority of persons with active tuberculosis have no 
other major illness and therefore the control (non-cancerous, non¬ 
heart disease) must always have a higher percentage of tuberculosis. 

We do not find any statistical evidence to support the view that 
there is an antagonism between cancer and tuberculosis. 

The only proper control for the association of active 
tuberculosis and cancer Is the incidence of active tuberculosis In 
some other disease." (p 134, 135, ref. 2944) 

It Is important to emphasize that the relationship between pulmonary 

tuberculosis and cancer continued to be debated for the next three decades. 

Influenza pandemic. There were over a score of case reports of lung 

cancer appearing in patients who have recovered from Influenza (2317, see also 
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Table of Case Reports under Topic B above). Winternitz, Wason and McNamara 
(2001) wrote a monograph on the Pathology of Influenza: 

It is rare to see such activity on the part of the epithelium as 
that frequently encountered in Influenza. The alveoli may be lined 
by newly formed cubical cells and mitotic figures in the injured 
bronchiolar lining occur In abundance. This might lead to the 
supposition that, if the epithelium were restricted In Its path of 
development. It would pile up to form a typical nest, just as the 
epithelium at the edge of a healing chronic ulcer of the skin may 
pile up and extend fairly deep Into the tissue. In a number of 
cases, epithelial proliferation has been so extensive that it could 
not be differentiated histologically from an Invasive, malignant 
neoplasm. There Is no reason to believe that malignancy aright not 
result from the continuous stimulation of the epithelium to prolife¬ 
rate, in the chronic inflammatory process of the lung in influenza, 
just as chronic Infection In the lung of a mouse results in a much 
higher percentage of spontaneous neoplasms of the respiratory tract 
In this species than in those animals where chronic pulmonary 
inflammatory processes are unconmon. It will be interesting. 

Indeed, to see whether, as a late manifestation, there is an 
increase in the number of now relatively rare epithelial new growths 
in the respiratory tract of man." p 48, ref. 2001) 

In 1960, Beebe examined the health records of the U.S. Army and Veterans 
Administration to investigate the possible significance of influenza and 
mustard gas poisoning (6011). Although this publication belongs to another 
decade, the results are relevant to the 1920's: 

"Two problems in the epidemiology of lung cancer have been 
attacked on the basis of a mortality study of the U.S. Army veterans 
of World War I: the 1918 Influenza epidemic and war injuries attri¬ 
buted to mustard gas. The basic design Is that of a prospective 
study Initiated entirely on the basis of military records created In 
1918, aimed at the detection of 3:1 differences between samples of 
approximately equal size compared as to mortality from lung cancer. 
Representative rosters of 2,718 white men with mustard-gas Injury, 

1,855 with pneumonia In 1918, and 2,578 with wounds of the extrem¬ 
ities (controls) were created from retired Army records in the St. 

Louis record depot. Year of birth was confined to 1888-93 inclu¬ 
sive. The original Army clinical records of mustard-gas Injury were 
reviewed according to criteria thought sufficient to Insure the 
validity of the diagnosis and the determination of the responsible 
agent. The entire roster of 7,151 men was then traced forward 
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through 1955 on the basis of records of insurance, hospitalization, 
and disability maintained by the Veterans Administration. 

Soon after the study was begun, a report became available by 
Case and Lea on 1929 British Army pensioners with residuals of 
mustard-gas injuries received In World War I. Their report suggest¬ 
ed that men with mustard-gas Injuries had about twice the expected 
incidence of lung cancer, but only because of an intervening 
residual in the form of chronic bronchitis. In view of this report 
the design of the present study was modified to obtain data on VA 
hospitalizations, outpatient visits, and disability rating for 10 
percent of the sample. 

The total of 2,441 deaths reported through 1955 was 95 percent 
of expectation on the basis of age- and time-specific death rates 
for U.S. white males over this interval. While In the first decade 
only 71 percent of the expected deaths were found. In the period 
1940-55 the proportion of expected deaths was 98 percent. It Is 
believed that the early deficit represents the influence of 
screening for military service in World War I, and that VA reporting 
of deaths is substantially complete. 

The 3 rosters differ significantly as to gross mortality only In 
the second decade of the follow-up period, when men on the mustard- 
gas roster suffered from considerably higher mortality rates. 
Examination of the deaths by cause revealed that this excess arose 
primarily from pneumonia and tuberculosis. 

The data on mortality from lung cancer are equivocal with 
respect to the influence of mustard-gas njury, but contain no hint 
that postinfluenzal pneumonia In the 1918 fall epidemic Increased 
the risk of lung cancer. Observed lung-cancer deaths are 36/2,718, 
or 1.32 percent, for the mustard-gas roster, and 26/2,578, or 1.01 
percent, for the control roster. These percentages do not differ 
significantly and thus provide but weak support for the view that 
mustard-gas Injury sets the stage for the later development of 
bronchogenic cancer. However, the study was planned to have good 
power against a 3:1 ratio but not against a 2:1 ratio, and since 
Case and Lea reported only a 2:1 ratio In their material, the 
present finding Is not inconsistent with their conclusion. It 
seemed essential, therefore, to make a supplementary comparison of 
observed mortality In relation to expectation based on the general 
U.S. population experience for white males. This can be done for 
all respiratory cancer and provides a more powerful. If less direct, 
comparison. In these terms the ratios of observed to expected 
deaths are 39/26.6, or 1.47 for the mustard-gas roster, 15/18.6, or 
0.81, for the pneumonia roster, and 30/26.2, or 1.15, for the 
control roster. Only the first differs significantly (P < 0.05) 
from unity. Although the study ws not designed on the basis of this 
approach, because a direct comparison of two sociologically smllar 
samples, followed up In the same way, seemed distinctly preferable, 
correspondence between veteran and civilian mortality seems 
sufficiently close to Invest this Indirect comparison with more 
merit than could be assumed for it in the planning stage. As 
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originally planned, therefore, the study renders a verdict of 
"unproved* 1 but the Indirect comparison with population values Is 
quite suggestive that an association exists. However, It Is not 
consistent with the view that the increment of risk is large, 
relative to that existing in the entire control population, the 95 
percent confidence Interval on the observed ratio of 1.47 being 1.02 
to 1.96. The Case and Lea result of 2.07 falls Just outside this 
confidence interval. To the extent that cigarette smoking could be 
an important source of risk for the control population, for 
nonsmokers the relative Increment of risk associated with a single 
mustard-gas exposure could, nevertheless, be large.” (p 1249, 1250, 
ref. 6011) 

The last quoted statement on cigarette smoking was based on statistical 
association between cigarette smoking and lung cancer available to Beebe prior 
to 1960. Although the association between influenza and lung cancer was not 
casually related based on retrospective epidemiology, one can still argue that 
Winternitz et al based their opinion on histopathologic observations. The 
comparison of results between epidemiology and pathology continued for the next 
four decades without an agreement as to etiologic concepts. 
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F. Theories of Pulmonary Carcinogenesis 
During the 1920's, the prevalent opinion was that lung cancer was the 
result of an extrinsic or environmental factor as well as Intrinsic or Inherent 
susceptibility of the host. The 11st of hostal factors Included previous 
pulmonary diseases such as tuberculosis, influenza, dust diseases, trauma and 
chemical Irritation. Ewing (280) favored tuberculosis as the most significant 
cause, but the following authorities who wrote textbooks, monographs and 
comprehensive review articles did not favor a specific cause: Cabot (3001 and 
nine other earlier editions); Cecil (2901), Barron (2213), Grove and Kramer 
(2616), Klotz (2722), Perret (2711), Meyer (2325), Moise (2111), Norris and 
Landis (2002), Osier (2603), Schuster (2926, 2952), Weller (2912) and Woglum 
(2601). There is also a 300-paged monograph in French by Huguenln, which Is a 
comprehensive review of the pathological and clinical literature (2802). 
Portions of this 1928 monograph will need translation into English. 

Thomas McCrae, Professor of Medicine at Jefferson Medical College In 
Philadelphia and co-editor with Osier of Modern Medicine, System of Medicine 
and Practice of Medicine, summarized the etiology of lung cancer as follows: 

"With reference to the increase In its occurrence there are many 
suggestions as to possible etiologlc factors. Influenza Is, of 
course, suggested, as In many other diseases, but the evidence seems 
very scanty. The suggestion that It Is a result of gassing In war 
has little support. A result of the Increased use of x-rays In the 
diagnosis of thoracic disease has been given as an explanation. 

Some attribute the increase to cigarette smoking. If there Is 
anything In this we should see a continued Increase, but the 
evidence seems hardly worthy of belief. Irritation of the bronchi 
Is naturally suggested, as this Is a factor In the production of 
some carcinomas. That dust and smoke may play a part Is a tempting 
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suggestion, but apparently there is no association between 
pneumoconiosis and carcinoma shown in autopsy reports. Mich more 
weight should be given to the suggestion that irritating substances 
of a chemical nature may play a part. You are aware that there Is a 
group of new growths produced by chronic contact with tar products. 

It has been suggested that the Inhalation of particles of tar and 
oil from roads may play a part in the etiology. In addition, the 
oxidation products of gasoline may have a similar Influence. These 
suggestions are certainly worthy of careful consideration. 11 ( p 12, 
ref. 2627) 

Contrary to the opinion of Harris as expressed In his 1985 SOA Report, 
Hueper wrote articles in the 1920's that cigarette smoking Is an unlikely cause 
of lung cancer. Instead, Hueper favored the hypothesis that environmental 
pollutants, especially fossil fuel products and combustion emission, are the 
cause of lung cancer. The causal relationship was based entirely on supporting 
animal studies relating to coal tar administered dermally or Intratracheally. 
Experiments on the use of tobacco tar gave equivocal results: no lung cancer 
by intratracheal route and variable results by dermal route. 

There were no epidemiologic studies on the relationship of exposure to 
fossil fuel products and lung cancer. The causal relationship was based on the 
observation that a significant number of lung cancer patients were employed as 
outdoor workers. The subject of Can tar cause pulmonary cancer? was 
discussed In a 1927 Issue of Lancet: 

"An Inquest was held on March 5th by the Manchester coroner. Nr. 
C.W.W. Surrldge, on a gas retort worker aged 59, who had been 
employed by the Manchester Corporation for 26 years. This man was 
forced to leave his work In March of last year, and subsequently 
underwent an operation. His duties at the gasworks were to keep the 
mains clear of tar and to charge up retorts after they had been 
scraped; he had worked a good deal with tar. The Medical Inspector 
of Factories, Dr. S.A. Henry, was present, and the corporation was 
represented. It was stated that the deceased had not worn gloves 
whilst at work with tar; since he left, gloves had been provided. 

For the Corporation, it was pointed out that all the men were 
invited to report any black spots or warts noticed on their bodies. 
Medical examination was always available free of charge, and 
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everything possible was provided to keepjthe employees clean. Dr. 

Norman Kletz described the results of the .jost-wortem examination. 

A healed scar was found on the scrotum,*£ye to a previous pperation 
for epithelioma, but this disease had apparently been completely 
eliminated. Death was due to a prlmaryjjgjpowth In the long. In 
reply to the coroner. Dr. Kletz stated vat there was no connexion 
between the previous disease of the sc ream and the long.. Me mas 
not in a position to say that the growt|pe AM. have 
been caused by inhaling the fumes of ta^bSrtTie had neveirbeard of 
such a case. In returning an open verdict, the coroner said that 
there was no doubt that if epithelioma tiBn treated In Its earliest 
phase a complete cure reulted. Death had resulted from heart 
failure, due to the pulmonary growth, and he mas satisfied that 
there was no connexion between the cause-of death end Idle earlier 
disease of the scrotum. Only time and farther tsvestlgation could 
show whether a cancerous growth In the teng could be produced by 
working amidst tar fumes. The coroner added: *Vears ago It was not 
known that there was any connexion between disease of the scrotum 
and external contact with tar. Now that has been proved to be so, 
and it may be in days to come that the inhalation of tar fumes will 
show some connexion with growths In the lungs. It Is not 
sufficiently established as yet, and I propose to return an open 
verdict." ( p 252, ref. 2728) ££-. - 

Two decades later, the high incidence of lung'bancer in gas retort workers was 

reported and a causal relationship was accepted ” b y m o st authorities. This 

phenomenon was also seen in other groups of workers' exposedto fossil fuel 

products and combustion emission. 

Epidemiology was difficult to apply to jhe qaesti on relating coal tar and 
lung cancer. The statistical studies on cancer In general were severely 
criticized by 6reenwood, a Professor of Epidemiology and Vital Statistics at 
the University of London (2818). He questioned theAalleged In c re ase" of 
cancer: 

"It will be obvious that none of thf^nvtstlnations above 
briefly described has, taken by Itself ^^essentially changed our 
scale of values, none has shown that cNRNsetiristic of the highest 
class of scientific work. But the cumjtat lvejiff ect of these 
laborious studies, on the positive sldr'Vm lacreaslng the precision 
of our description of the incidence an^jllstrVbutlon of fptal 
cancer, on the negative side in showlndpt&e 1nsubstantfo3*<charecter 
of many popular ‘theories' and superstitions, has been appreciable. 
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No man dares set limits to the achievements of genius; It might be 
that a man of the highest order of ability - one who was not only an 
expert statistician but also master of the very large body of 
experimental and pathological knowledge relevant to the Issue - 
could, even from the existing imperfect data, deduce conclusions of 
far-reaching Importance. Such men, however, are rare and no man of 
genius has yet turned his attention to this branch of the subject, 
which In the public mind tends to be associated with the facile 
generalizations of journalists and other enthusiastic but uncritical 
amateurs rather than with serious research. It Is probable that by 
the gradual Improvement in accuracy and completeness of the medical 
statistics of all nations we can best prepare the way for a really 
Illuminating survey of the cancer problem. One of the advantages of 
the awakening of public Interest In this matter Is that In almost 
all countries - as the abstracts in this Review testify - there are 
signs of improvement in the official records. It cannot, however, 
be said that at present much more can be hoped from the statistical 
method than an Impartial study of strictly defined problems. The 
time is still distant when the data of all civilized countries and 
all subdivisions of these countries will be strictly comparable." (p 
106, ref. 2818) 

The "man of the highest order of ability" was selected fifty years later to be 
Greenwood himself, as discussed in the next subsection. For five decades 
starting with the 1920's, there has been continuous discussion that fossil fuel 
products and combustion emission are the most likely environmental factor 
causing lung cancer in a susceptible host. 
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Biographical Data of Eleven Selected Physicians 


From (6802) Debus AG, Editor: World Who's Who In Science - from antiquity to 
the present. Chicago: Marquis Co., 1968. 

Armstrong, Henry Edward, p 63 

Barron, Moses, p 117 

Emerson,'Haven, p 523 

Hamilton, Alice, p 743 

Kennaway, Sir Ernest Laurence, p 922 

Leltch, Archibald, p 1022 

Lllienthal, Howard, p 1044 

McCrae, Thomas, p 141 

Meyer, Willy, p 1171 

Osier, William, p 1291-2 

Ravdin, Isidor Schwaner, p 1398 

Note: There are no biographical datas of over 20 authors of publications that 
were quoted In Part Two, Subsection II - the 1920's. 
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